Abstract. De-oiled soya, a commercial-waste release, from the soya oil production industry, is transformed into activated carbon. Characterization study has been conducted on the activated carbon by X-ray analytical microscope, Scanning Electron Microscope, and Fourier Transform Infrared Spectroscopy. Batch adsorption experiments have been executed to assess the efficacy of activated carbon in the removal of chromium from aqueous solution. The optimum conditions of adsorption process are determined by exhausting the regression equation. There is a conspicuous indication of strong association of chromium adsorption with Langmuir and Freundlich isotherm models. The pseudo-second-order adsorption kinetic model perfectly fits into the considered study.
Introduction
Heavy metal contamination of potable water by industrial discharges and exploitative nature of modern technologies have emerged as serious and paramount issues in countries like the USA, UK, Germany, and India. As a result of the intense degree of toxicity, chromium metal is of prodigious concern and has to be monitored for human survivals as well as for maintaining the quality of life. Especially the carcinogenic and mutagenic natures, which are associated to chromium exposure, pose environmental damage and health issues to (Myres et al., 2000; Nosreth, 1981) . Environmental pollution owing to chromium is most noticeable in leather manufacturing, electroplating, electronic manufacturing, and other metal-based operations (Tariq et al., 2006; Mughal et al., 2008) . Several methods like electrocoagulation (Dermentzis et al., 2011) , ion exchange (Rafati et al., 2010) , chemical precipitation (Ramakrishnaiah and Prathima, 2012) , reverse osmosis (Mousavi et al., 2009) and adsorption are accessible to reduce the chromium concentration that is found in contaminated water. Among the acknowledged methods, adsorption sounds more feasible and economical as it is most viable in adsorbing the pollutant without producing any by-products. Adsorbents such as acid-activated carbon (Attia et al., 2010) , chitosan-coated pertlite (Hasan et al., 2003) , cross-linked chitosan beads (Modrzejewska et al., 2006) , agricultural wastes
Activated carbon preparation
De-oiled soya has been sponsored by a private company in Tamilnadu, India. Initially it is ground into small pieces and washed with distilled water. It is then dried in an oven till it is dehydrated. To oxidize the impurities the dried de-oiled soya is treated with hydrogen peroxide solution (30 % w/v) at room temperature for about 24 h (Mittal et al., 2013) . The resultant material is washed with distilled water. The hydrogenperoxide-treated adsorbent is placed in an oven at 100°C by which the moisture is removed. Furthermore, it is kept in a muffle furnace at 350°C temperature for a time period of 4 h. Thus, the obtained carbon is reduced in size by crushing the same. Yet again it is set aside in a muffle furnace at 200°C for 1 h. The carbon thus prepared is stored in an airtight container. The carbon is subsequently sieved using IS 150-µ and 90-µ sieves. Carbon that is retained in the 90-µ sieve and passing through the 150-µ sieve is employed for all adsorption experiments.
Preparation of synthetic effluent
Chromium stock solution is prepared by dissolving 2.89 g of K 2 Cr 2 O 7 in one litre of distilled water to make it into 1000 mg/L concentration of chromium (Wanees et al., 2012 ; Khatoon et al., 2013) . All other solutions are prepared by diluting the stock using distilled water.
Statistical analysis methods
The present study is carried out in two parts: Part I -Identifying determinants of removal of chromium by activated carbon derived from de-oiled soya using factor analysis and multiple regression analysis by SPSS software 16 version.
Part II -Adsorption isotherms and kinetics
The data for the statistical analysis have been fetched from the batch adsorption experiment. Under batch studies, vital parameters such as agitation speed, contact time, initial concentration of chromium solution, and pH are investigated against a known dosage of adsorbent. At random, 39 sets of batch experiments are conducted in a series of conical flasks, consisting 100 ml volume of chromium aqueous solution with a known quantity of activated de-oiled soya at different ranges of levels of parameters described in Table 1 . Remi made orbital electrical shaker is used to agitate the flasks. Once equilibrium has attained, the solution is filtered with a Whatman filter paper No.
41. The filtrate then undergoes a spectrophotometric analysis of the amount of chromium being removed using UV/Vis spectrophotometer, Lab India UV 3092. The percentage removal of chromium is calculated from Eq.1:
where, C o is the initial concentration of chromium (mg/L) and C e is the equilibrium concentration of chromium (mg/L) (El-Wakil et al. 2014). The adsorption capacity of the adsorbent is calculated from Eq.2:
where q e is the amount of chromium being adsorbed (mg/g), V is volume of the solution (L), and W is the weight of the adsorbent (g) (Ackacha and Elsherif, 2012). Table 2 portrays the presence of various elements in the adsorbent that is found by using XGT-2700 X-ray analytical microscope. Figure 1 , which is captured using ZEISS, a scanning electron microscopic instrument ascertains the amorphous nature of the adsorbent. A good deal of space is visible from the image which will be more beneficial for the adsorption process to occur on the surface of the carbon. FT-IR analysis is carried out using Perkin Elmer make -model spectrum RX1 (Range 4000 cm -1 to 400 cm -1 ), to identify the functional group present in the activated carbon. The adsorption behavior of the adsorbent can be analyzed by the (Draman et al., 2015) presence of a functional group in it. (Pendekar and Raman, 2013) could be attributed to OH (hydroxyl) groups, C=O stretch aromatic groups like primary secondary amides, and C-O stretching of alcohols, and carboxylic acid, correspondingly. Further the peak between 700 and 753 cm -1 could be assigned to C-H aromatic rings (Pendekar and Raman, 2013) . The shifts in the peaks reveal the occupancy of chromium metal onto the carbon. 
Results and discussion

Characterization of adsorbent
Phase I -Factor analysis using principal component analysis
Factor analysis (through SPSS software version 16) endeavors to identify the underlying variables, or factors, that explicate the pattern of correlations within a set of observed variables. It is often used in data reduction to identify a small number of factors that explain most of the variance observed in a much larger number of manifest variables and to screen variables for subsequent analysis to identify collinearity prior to performing a linear regression analysis. The author has experimented with the following variables which have been used in previous literature for exploring the effect of variables (Alam et al. 2007 ) and their significant relationship each other in different combinations during the removal of chromium. Table 3 exhibits an abridged version of the R-matrix to check the pattern of relationships. The top half of this table comprises the Pearson correlation coefficient between all pairs of questions although the bottom half involves the onetailed significance of these coefficients. It is scanned from the table where a considerable number of the significant values for the corresponding variables are greater than 0.05. The determinant is stated at the bottom of the matrix. If the determinant is 0, then computational problems with the factor analysis will arise. For these data, the corresponding value is 1.47E-018 and therefore the determinant is not 0. Therefore, multicollinearity is not a problem for these data. Table 4 displays the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett's test of sphericity. The KMO statistic varies between 0 and 1. Kaiser recommends admitting values greater than 0.5 as being acceptable (values below this require the researcher to either collect more data or to rethink about which variables to include). Kaiser-Meyer-Olkin Measure of sampling adequacy value of the present study is 0.768 which is close to 1. Therefore, it is concluded that factor analysis has a better chance to yield distinct and reliable factors.
SPSS output
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett's test of sphericity
SPSS Output
Bartlett's measure tests the null hypothesis that the original correlation matrix is an identity matrix. For these data, Bartlett's test of the present study is highly significant since p < 0.001. It depicts that the R-matrix is not an identity matrix; therefore, http://www. implying that there exist relationships among the variables included in the analysis, and that the factor analysis is appropriate. Table 5 shows the Eigen values associated with each linear component (factor) before extraction, after extraction, and after rotation. Before extraction, SPSS has identified 14 linear components within the data set. It signifies that the first few factors exhibit relatively large amounts of variance (particularly factor 1) whereas subsequent factors elucidate only small amounts of variance. The first four factors together account for 98.8% of the total variance. The eigenvalues associated with these factors are yet again shown (and the percentage of variance explained) in the columns labeled Extraction sums of squared loadings. The values in this part of the table are the same as the values found before extraction. The eigenvalues of the factors after rotation are presented in the final part of the table (labeled rotation sums of squared loadings). Rotation has the effect of optimizing the factor structure and a consequence for these data is that the relative importance of the four factors is equalized. Before rotation, component 1 accounted for considerably more variance than the remaining three components (40.2% compared to 22.1%, 20.3%, and 16.3%), nevertheless after extraction it accounts for only 32.2% of variance (compared to 24.5%, 24.4%, and 17.8%, respectively). SPSS output Table 7 displays the component matrix before rotation which comprises the loadings of each variable onto each factor. SPSS displays all loadings less than 0.5 by default. The scree plot is used to decide further the number of factors to be extracted. The scree plot is shown in Figure 4 with a thunderbolt exhibiting the point of inflexion on the curve. It begins to tail off after four factors, but there is another drop after the fifth factor before a stable plateau is reached. Therefore, probably the present study could retain four factors and their relative variables. Table 8 comprehends the rotated factor loadings (factor pattern matrix), which represent both -how the variables are weighted for each factor and also the correlation between the variables and the factor. Because these are correlations, possible values range from −1 to +1. Factor loadings less than 0. ). In a nutshell, the principal component analysis evidenced that all fourteen variables which are experimented for removal of chromium by activated carbon derived from de-oiled soya are related to one other and can be used for further study.
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Phase II -Multiple linear regression analysis for mathematical modeling
We focus on the fourteen predictors, to examine whether they are statistically significant and, if yes, the direction of their mutual relationship. multiple regression analysis is a study focusing on the combined influence of 14 independent variables upon one dependent variable using a linear model. The present research uses multiple liner regression analysis for identifying determinants of experimental adsorption capacity. The process of analysis covers 4 stages.
Stage I -Model fit and the Durbin-Watson statistic Stage II -Statistical significance: (i) F -test for slope (ii) t -Test for intercept Stage III -Regression equation for mathematical modeling Stage IV -Residues
Stage I -Model fit and the Durbin-Watson statistic
Multiple regression is used to determine the overall fit (variance explained) of the model and the relative contribution of each of the predictors to the total variance explained. The first table of interest is the model summary Table 9 . Table 9 provides the R, R 2 , adjusted R 2 values, and the standard error of the estimate, which can be used to determine how well a regression-model fits the data. R 2 is a statistical measure of how close the data are to the fitted regression line. It is also called the coefficient of determination, or the coefficient of multiple determination for multiple regression. Values 0.991 or 99.1% indicates that the model explains all the variability of the response data around its mean. Adjusted R 2 also specifies how well the terms fit in a curve or in a line, and also adjusts for the number of terms in a model. Adjusted R 2 will always be less than or equal to R 2 . A value of 0.986 or 98.6% indicates a model that perfectly predicts values in the target field. One of the assumptions of regression is that the observations are independent. If observations are collected over time, it is likely that successive observations are related. If there is no auto correlation where subsequent observations are related, the Durbin-Watson statistic should be between 1.5 and 2. The sum squares column, the df column, the MS column, the F column, and the pvalue or observed significance of F are shown. From the df column, it is grasped that k = 14 the fourteen predictor variables and that n = 39, sample size of the study. The MSE is 0.031 so this means that s 2 = 0.031. The F ratio given under column F is 194.429, and p-value is 0.000 a which is given under the sig. column. Since p-Value is less than 0.05, it implies that the calculated regression coefficient is significant and the variance in the independent variable contributes to the change in the dependent variable. Therefore it is inferred that the experimental adsorption capacity for removal of chromium by activated carbon produced from de-oiled soya depends on any one of the explanatory variables. (
ii) t -Test for intercept
Further examining the existence of significant relationship between individual variables t-Test (to the intercept) is employed. The null and alternative hypotheses are stated as follows: H 0 : β i = 0 (there is no linear relationship) and H 1 : β i ≠ 0 (there is a linear relationship) .
If the null hypothesis is rejected, it can be concluded that there is an evidence of the linear relationship between individual variables stated in the regression equation. SPSS output Table 11 incorporates t-statistic and the p-value. Looking at the p-value of the t-test for each predictor, it is seen that p value of A, B, C, D, AC, BD, CD, A 2 , B 2 , C 2 , and D 2 have approximately zero value or closer to 0.05 (5% level of significance). The effect of these explanatory variables is significant and its coefficient is positive indicating that except for AD, AB, and BC experimental adsorption capacity for removal of chromium is individually related to all the explanatory variables and are chief determinants. Finally, the effect of AD, AB, and BC seems to be unrelated to foreseeing experimental adsorption capacity and are not key factors in predicting experimental adsorption capacity. This result is however unexpected. 
Stage IV -Residues
The difference between the experimented (Table 12 ) response (Y exp ) and the calculated response (from the multiple regression equation) (Y calc ) is very less which depicts that the model has good descriptive quality. 
Part II -Adsorption isotherms and kinetics
Adsorption isotherms
With the optimum condition obtained from the statistical analysis, a series of batch experimentation are performed by equilibrating chromium solution of various concentrations such as, 10, 20, 30, 40, 50, 60 and 70 mg/L, the data thus acquired are applied for the isothermal adsorption study.
Langmuir and Freundlich adsorption isotherm models are employed in the present study to explain the experimental data. The general form of Langmuir equation is given by Eq.6: where Q o is the maximum adsorption capacity of the adsorbate in mg/g and b is the direct measure of the intensity of sorption in L/mg and they are measured from the slope and intercept of the plot C e versus C e /q e in Figure 5 . Eq.3 is quoted in the 127 th page of the paper published by Jarusiripota (2014) . The equilibrium parameter R L can be determined using Eq.7:
This is referred to in the 587 th page of the article by Ackacha and Elsharif, (2012), where R L is the equilibrium parameter, b is the measure of intensity of sorption in L/mg (Langmiur Constant), and C o is the initial concentration of chromium solution in mg/L. The calculated Langmuir isotherm equilibrium parameter R L = 0.0816 lies between 0 and 1 (0<R L <1) (Chowdhury et al. 2011 ). The plot in Figure 5 is a straight line with R 2 value as 0.989, which is almost nearer to 1, which reveals that the adsorption is favorable and the Langmuir isotherm model is much appropriate for the undertaken adsorption study.
Figure 5. Langmuir adsorption isotherm
Freundlich adsorption model could be well established using the following equation (Eq.8): (Eq. 8) which was referred to in the 128 th page of an article by Jarusiripota (2014), where n is the Freundlich isotherm constant, K f is the adsorption co-efficient in mg/g. K f and n are determined from the intercept and slope of the plot in Figure 6 . The Plot of log C e versus log q e in Fig. 6 
Adsorption kinetics
To analyze the trend of chromium adsorption with respect to time, the optimum dosage of DOS has been equilibrated against a known concentration of chromium aqueous solution for different time intervals like 30, 45, 60, 75, 90, 105, and 120 min.The information pertains to the chromium adsorption reaction pathway and the time duration to reach the equilibrium (Krishna and Padma, 2013) could be better explained by the adsorption kinetics models. Pseudo-first-order kinetic model is represented by the following equation (Krishna and Padma, 2013 ) (Eq.9): (Eq. 9) where q e is the adsorption capacity at equilibrium and q t is the adsorption capacity at time t, respectively (mg/g) and k 1 is the rate constant of pseudo-first-order adsorption (min -1 ). In Figure 7 , a graph is plotted between time t in minutes and log (q e q t ). The co-efficient k 1 is 0.027 which is the slope of the plot in Figure 7 . The R 2 value of the regression line t versus log (q e q t ) is 0.778. From this value it can be interpreted that the pseudo-first-order adsorption kinetics may not fit to the adsorption process undertaken. Pseudo-second-order kinetic model (Agarwal et al. 2015) can be expressed as given below (Eq.10): (Eq. 10) where k 2 is the rate constant of pseudo-second-order adsorption (min -1 ). The coefficient k 2 is 0.068 which is the slope of the plot t versus t/q t in Figure 8 . The R 2 value of the regression line t versus t/q t is 0.999. This value is closer to 1 which indicates that the pseudo-second-order adsorption kinetics model absolutely fits to the adsorption process of chromium by activated carbon. http 
Conclusions
In this study, the factor analysis Bartlett's test with p < 0.001 depicts that the Rmatrix is not an identity matrix; therefore, there exist relationships between the variables incorporated in the analysis, and that the factor analysis is appropriate. From the principal component analysis it can be better resolved that chosen factors are very well correlated for the enhancement of the adsorption process. The statistical significance analysis is better enlightened through the F-test and t-test where adsorption capacity for the removal of chromium are individually related to all the chosen variables. The optimum conditions found for the concerned study on trial and error basis by regression equation are 150-r/min agitation speed, 1.5 h contact time, 40-mg/L initial concentration of chromium solution, and a pH of 2. The linear regression model perfectly fits with the adsorption that is dealt with for the current study. The calculated R 2 values are 0.989 and 0.842 of Langmuir and Freundlich isotherms, correspondingly.
Thus, it can be concluded that the activated carbon prepared using the de-oiled soya which could not be used even as an animal feed, can be effectively and implicitly employed as a low-cost adsorbent for the removal of toxic chromium ions from an aqueous solution. Additional removal efficiency might be achieved by employing physical or chemical activation methods on the preparation process of activated carbon.
